Objectives. Antioxidative enzyme efficiency changes in some organs with age. However, no study has been conducted on age-related antioxidant enzyme changes in tongue. In the present study, the authors investigated the activities of four antioxidative enzymes and their protein expressions in the tongues of young and old Fischer 344 rats.
INTRODUCTION
The free radical theory is one hypothesis associated with aging [1] . This theory proposes reactive oxygen species (ROS), such as, hydrogen peroxide and superoxide and hydroxyl radicals cause oxidative damage to many biological macromolecules [2, 3] . Several reports have shown electron transport chain deficiency causes an increase in the production of ROS, but there is no uniformity of results as to how the antioxidant defense system is affected by age [4] [5] [6] . Reported results indicate increases or decreases, or even no change in antioxidant enzyme activities in various tissues as a result of aging [6] [7] [8] . Nevertheless, it is generally believed that the antioxidant defense is generally weakened by the aging process [8] [9] [10] .
The antioxidant system plays a vital role in the cells of aerobic organisms by protecting them from oxidative stress. Superoxide dismutases (SODs), including mitochondrial Mn-SOD and cytosolic Cu/Zn-SOD, convert O2 − to H2O2, which is then decomposed to water by catalase (CAT) and glutathione peroxidase (GPx). Accordingly, factors that diminish antioxidative enzyme activity tend to result in ROS accumulation [11] . In some circumstances, oxidative stress up-regulates antioxidative enzyme activity via various signaling pathways, whereas in aged animals, oxidative damage is usually associated with diminished antioxidant system capacity [12, 13] .
Aging studies have been performed extensively on brain, heart, liver, kidney, skeletal muscle, peripheral blood cells, and urinary systems, but it has not been determined whether such findings apply equally to aged head and neck organs, such as the tongue. Strong evidence links the unfavorable accumulation of ROS and oxidative damage associated with aging and human diseases [14, 15] . The tongue is much affected by age-related dis-eases of the head and neck area, such as mouth burning syndrome, tongue cancer, and glossitis [16] [17] [18] . We undertook this investigatory study to determine and compare antioxidant capacities by measuring the activity levels and protein expressions of four antioxidant enzymes in the tongue tissues of old and young Fischer 344 rats.
MATERIALS AND METHODS

Experimental animals
Fischer 344 rats of 7 months (the young group, n=8) and 22 months (the old group, n=8) were obtained from the Aging Tissue Bank of Busan National University, South Korea. Animals were anesthetized with carbon dioxide, and tongues were quickly removed and minced on ice to obtain homogenous samples. Tissues were frozen in liquid nitrogen and then stored at -80°C until required. The Institutional Animal Care and Use Committee of the Gachon University Gil Medical Center of South Korea approved all animal procedures (LCDI-2015-0023).
Antioxidative enzyme activity assays
Antioxidative enzyme activities were determined using Cayman chemical kits (Cayman Chemical Co., Ann Arbor, MI, USA). Tissues from tongue of young and old rats were homogenized. Cell debris was pelleted and the resulting supernatants were used for the enzyme activity assays.
SOD activities were measured at 450 nm as the rate of suppression of reduction of tetrazolium salt when superoxide anion radical was generated during oxidation of xanthine by xanthine oxidase. The reaction mixture contained 50 mM Tris-HCl, pH 8.0, 0.1 mM diethylenetriaminepentaacetic acid and 0.1 mM hypoxanthine, tetrazolium salt, and xanthine oxidase. One unit of SOD activity was defined as the amount of enzyme needed to exhibit 50% dismutation of the superoxide radical. The SOD assay provided results for total SOD, Mn-SOD, and Cu/Zn-SOD.
GPx activity was measured at 340 nm indirectly by a coupled reaction with glutathione reductase (GR). Oxidized glutathione (glutathione disulfide, GSSG), produced upon reduction of hydroperoxide by GPx, is recycled back to its reduced state by GR and nicotinamide adenine dinucleotide phosphate (NADPH), and the associated oxidation of NADPH to NADP + is accompanied by a decrease in absorbance at 340 nm. When GPx activity is rate limiting, the rate of decrease of A340 is directly proportional to sample GPx activity. One unit of GPx activity was defined as the amount of enzyme required to oxidize 1.0 nmol of NADPH to NADP + per minute at 25°C. CAT activity was determined at 540 nm by reacting CAT with methanol in the presence of an optimal concentration of H2O2. The formaldehyde produced as by product was measured colorimetrically using 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole (Purpald) as chromogen. One unit of CAT activity was defined as the amount of enzyme required to produce 1.0 nmol of formaldehyde per minute at 25°C.
Western analysis
Tongue homogenates (10% w/v) were prepared in lysis buffer, containing 20 mM Tris-Cl pH 7.4, 1% Triton X-100, 150 mM NaCl, 2 mM EGTA (ethylene glycol tetraacetic acid), and protease inhibitor (Roche Diagnostics GmbH, Penzberg, Germany) at 4°C. Homogenates were centrifuged at 10,000 g for 10 minutes at 4°C to remove nuclear fragments and tissue debris. Total proteins (20 μg) were resolved by 15% SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel, ProtoGel; National Diagnostics, Atlanta, GA, USA) and transferred to nitrocellulose membranes, which were blocked by incubating them in 5% nonfat dry milk in phosphate-buffered saline for 1 hour at room temperature. Membranes were then incubated with primary antibodies for Mn-SOD, Cu/Zn-SOD, GPx, CAT, and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Abcam, Cambridge, UK) overnight, washed three times with Tris-buffered saline containing 0.1% Tween 20 (TTBS), and further incubated for 30 minutes with horseradish peroxidase-conjugated antirabbit immunoglobulins (1:5,000). After washing with TTBS, blots were visualized using an enhanced chemiluminescence detection system (Bio-Rad, Hercules, CA, USA) according to the manufacturer's instructions.
Statistical analysis
The significances of differences were determined using MannWhitney test. Statistical significance was accepted for P-values <0.05 and the analysis was conducted using the PASW SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Antioxidative enzyme activities
Significant reductions in the activities of total SOD, Cu/Zn-SOD, and GPx were found in the tongue tissues of old (22-month-old) Mn-superoxide dismutase (SOD), Cu/Zn-SOD, glutathione peroxidase (GPx), and catalase (CAT) protein expressions in the tongue of old rats were downregulated.
Total SOD, Cu/Zn-SOD, and GPx activities in the tongue of old rats were lower than in young rats.
The expression of Mn-SOD and CAT proteins were low in old rats, while their enzyme activities were not.
Diminishing antioxidative enzyme activity levels and protein abundances provide a possible mechanism for the tongue aging process.
rats. However, Mn-SOD and CAT activities were not significantly different in the tongue tissues of young (7-month-old) and old rats. Total SOD activity was 13% lower in old rats (Fig. 1A) . Cu/ Zn-SOD had much more activity than Mn-SOD in young and old rats (Fig. 1B, C) . Cu/Zn-SOD activity was 11.5% lower in old rats (Fig. 1C) , and absolute GPx enzyme activity in old rats was only approximately 25% of that in young rats (Fig. 1D ).
Antioxidative enzyme protein expression
Antioxidant capacities were also evaluated by measuring protein expression levels. Western blotting showed the protein expression levels of Mn-SOD, Cu/Zn-SOD, CAT, and GPx in tongue tissues. The density of each band was normalized to its corresponding GAPDH level from the same sample. The levels of Mn-SOD and Cu/Zn-SOD protein are presented in Fig. 2A and 2B. In the tongue, these proteins significantly decreased with age (P=0.015 and P=0.005). The levels of GPx and CAT protein expressed in the tongue of young and old rats are shown in Fig. 2C and 2D . The amount of GPx and CAT dramatically decreased with age, i.e., 2 times and 4 times, respectively (P=0.021 and P=0.001). 
DISCUSSION
The effects of aging on free radical production and the antioxidant system have been widely investigated in major organs. However, age-related changes in the antioxidant system of the tongue have not been examined. In the present study, we examined and compared the activities and protein expressions of antioxidant enzymes (Mn-SOD, Cu/Zn-SOD, CAT, and GPx) in the tongue tissues of 7-month (young) and 22-month (old) rats. The tapering of skeletal growth in male and female rats occurs at 7 months, while the closing of the last growth plates happens in humans at 20 years of age. Therefore this study defined a rat at 7 months to be similar to a human at 20 years of age. Furthermore, reproductive senescence in female rats occurs variably somewhere between 15 and 24 months of age (average 20 months). According to the American Medical Association, the average age of menopause in women is 51 years old. Therefore 22 months in the life of a rat is similar to a human between 55 and 60 years of age (adult phase: 11.8 rat days=1 human year) [19] . The author of this study defined a young rat at 7 months and an old rat at 22 months and compared each group.
Age-related changes in antioxidant enzymes are usually tissue dependent [20] . In a previous study, it was found that antioxidant defense capacity was lower in old than in young rats, but not in striated muscles. GPx activities were lower in old rats in all tissues examined, except muscles, and CAT activities were found to be lower in liver and kidneys. Although heart SOD activity was high in old rats, a general non-significant decrease in antioxidant defense was observed. No change was observed in GPx activity, while CAT and SOD activities were elevated in Western blot analysis of antioxidant enzyme protein expressions in the rats' tongues of two age groups, namely 7 months (young group, n=8) and 22 months (old group, n=8). Protein (20 ug) lysates from tongue homogenates of young and old rats were resolved by SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel) and probed with Mn-SOD, Cu/Zn-SOD, CAT, and GPx antibodies as described in Materials and Methods. GAPDH was used as a loading control. Blots of (A) Mn-SOD, (B) Cu/Zn-SOD, (C) GPx, and (D) CAT were shown with quantification of the protein expression by normalizing each band signal to their corresponding GAPDH band. Results are expressed as median values. SOD, superoxide dismutase; GPx, glutathione peroxidase; CAT, catalase; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. Young Old striated muscle of old rats [21] . In a previous study, total SOD activity was found to decrease with age in the kidneys, brains, and hearts of rats and mice, and to decrease markedly in senescence-accelerated mice [22] . In another study, CAT activity was found to show age-related decreases in mouse liver and kidney tissues, and higher SOD activity was observed in the cerebellums of aged rats [23] . However, in another study, SOD and CAT activities were similar old and young rats [24, 25] . Hazelton and Lang [26] reported decreased GPx activity in kidneys was associated with aging. However, high levels of GPx activity have been reported in kidneys, hearts and testes of 19-month-old Sprague-Dawley rats and in the brains of 20-month-old Wistar rats [25] . Thus, it remains unclear how aging affects antioxidative enzyme activity.
Antioxidant enzymatic efficiency can be measured from the protein functional level, which is quantified in unit amounts of protein, or from the protein abundance level, although are not differentiated in most studies [27] . In the present study, we compared total SOD, Mn-SOD, Cu/Zn-SOD, GPx, and CAT activities in the tongue tissues of young and old rats, and we found total SOD, Cu/Zn-SOD, and GPx activities were significantly lower in old rats. Furthermore, Western blot results showed aging influenced the tongue significantly and that the protein expression levels of Mn-SOD, Cu/Zn-SOD, GPx, and CAT were lower in old rats. Thus, our protein level and enzyme activity results indicate reduced overall antioxidant ability in the tongues of older animals despite the observed lack of significant change in the enzyme activities of Mn-SOD and CAT.
After glutathione (GSH) levels have diminished significantly and oxidized glutathione (GSSG) levels have increased significantly in the heart tissues of aged rats, animals depend on increased CAT activity as a compensatory mechanism to decompose H2O2 to water [28] . As shown in Fig. 1E , CAT activity was non-significantly higher in old rats, probably because metabolically active tissues are sensitive to age-related GSH depletion and redox state perturbation. Vinokur et al. [29] reported that thioredoxin reductase (TrxR) significantly increased with age in the tongues of rats. TrxR catalyzes the oxidation of NADPH to NADP + in oxido-reduction cycle of methionine. GPx activity is defined as the amount of enzyme that will cause the oxidation of 1.0 nmol of NADPH to NADP + [30] . In this study, GPx activity and expression significantly decreased in an aged tongue. The individuals may depend on the increased TrxR in aged rats' tongues to compensate for the decreased GPx to oxidize NADPH to NADP + . Our Western blot results show that the expressions of all four enzymes were down-regulated in tongue tissues, which are in-line with the lower enzymatic activities observed (excepting those of Mn-SOD and CAT). It should be noted that the findings of the present study are in general agreement with those of major organ studies [23, 26, 31] .
The present study suggests the mechanism underlying the aging process in the rat tongue is associated with general decreases in the efficacy of the antioxidant defense system at the enzyme activity and protein abundance levels. Further study is needed to confirm that these events will cause the unfavorable release and accumulation of ROS in the tongue, resulting in aging and whether this will provide clues in finding the cause of age-related tongue disease.
